The lytic activity of 132 phages isolated during slow acid production in cheese factories situated in all the dairying regions of France during the past 16 years has been determined on 291 strains of mesophilic lactic streptococci. The results have been treated according to a method of analysis of data so as to establish a classification. Six groups of phages have thus been formed. Sixty-six percent of the phages studied, which are very similar and for the most part nonspecific to one species, have been gathered together in one group. On the other hand, a classification of the bacterial strains has been made on their sensitivity to the phages. Six groups, each corresponding to one of these groups of phages, have thus been defined. One of them accounts for 40% of the strains studied, of which certain ones are sensitive to a large number of phages.
During cheesemaking, bacteriophage is the principal cause of slowness and sometimes stops the acidification of the milk. This acidification, and especially the final pH of the curd, is largely responsible for the quality of the cured cheese.
Much work has been done on the methods of prevention against bacteriophage. The most effective of these rely mainly on the use of a rotation of starter cultures comprised of a small number of strains (4, 5) , a culture being composed of strains that are phage unrelated. This implies a knowledge of the sensitivity of bacteria to phages, in other words, phage typing. But, in addition to knowing the sensitivity of individual bacterial strains and the lytic nature of the phages, it is interesting to find out if it is possible to use one classification of strains and of phages. Indeed, one classification gives two additional advantages with regard to typing.
The first is to regroup some related strains that do not present the same sensitivity pattern with those phages used to do the typing. The Culture medium. (i) Lactose tryptone broth. This medium has the following composition: lactose, 0.3%; Difco tryptone, 1.0%; Evans peptone, 0.5%; Oxoid Lab-Lemco, 0.3%; and CaCl2, 0.04%. After adjusting the pH to 6.8, the medium was autoclaved at 115°C for 20 min.
(ii) Lactose-tryptone agar. This medium has the same composition as the lactose-tryptone broth, which contained in addition 23 g of Difco agar per liter.
Typing technique. Typing was done by placing a drop of each ofthe 132 phages tested onto agar plates that had been previously inoculated on the surface with each of the 291 strains of starter culture used. The lactose-tryptone agar, poured into petri dishes and solidified, was inoculated by flooding with 1 ml of a culture of the indicator strain containing 108 bacteria/ml. These plates were finally dried open for 30 min in a ventilated enclosure at 37°C. The suspensions of phages were used at the routine test dilution, that is to say, the highest dilution which produced confluent lysis. In our case the routine test dilution was in the order of 10-3 and corresponded to phage concentrations of 105 to 106/ml. The deposit of the phage suspensions on the surface of the agar was made with the help of an inoculating device comprised of 19 needles or prongs, made of stainless steel, such as that used by Henning et al. (3) . Between each use the inoculating device was sterilized by flaming in alcohol. The inoculated petri plates were finally incubated for 18 h at 30°C. The zones of confluent and semiconfluent lysis and the plaques were easily visible so that the reading of the results was easy. Each time that a bacteriophage was used, its activity was ensured by depositing it on its propagation strain. The typing of each strain was done twice on different days and a third time in each case where the first two results did not agree.
Treatment of results. The 38,412 results obtained were computer analyzed, using the data from 291 cultures of lactic streptococci and 132 bacteriophages where the lytic action of the phage, i.e., the positive results, were shown as '1' and the negative results (no lytic action of the phage) as 'O.' These results were subjected to a factorial analysis (6) using a computer program from the biometry laboratory of the Centre National de Recherches Zootechniques (11) . This type of analysis provides extensive information on the composition and interrelationships APPL. ENVIRON. MICROBIOL. between the groups. The phages are represented as points in an n -1 dimensional space where n is the number of strains tested. The diagram of points obtained not being foreseen as such, it is necessary to demonstrate (depict) it in a diagram of reduced dimension. In particular, in projecting it on such a diagram, the axes were chosen in such a way as to lose the least possible amount of information and permit the best differentiation of the groups formed. The bacterial cultures can be classified in a similar manner.
RESULTS
Classifi'cation of bacteriophages. Any bacteriophage active on less than four strains, themselves sensitive only to this phage, has been eliminated from the classification, there being insufficient data on this phage to connect it validly to a group or to create a new one. This was the case for 21 (15.9%) of the phages studied, two of which originated from New Zealand (am1 and am2). Twenty-two (i.e., 16.7%) of the 132 bacteriophages tested possessed a lytic nature identical to that of another phage. The 111 (84.1%) phages entered in the analysis have been classified in six groups. Two of these groups (g, and g2) are completely closed, i.e., they act only on one group of strains, they themselves being sensitive only to these phages. Therefore, they are very different from the four other groups and in particular cannot be represented graphically in the same plan. Details of their composition are given in Tables 1   and 2 . Group g, is comprised of eight phages active only on some strains of S. cremoris. Group g2 comprises 10 phages active on some strains of S. lactis and 2 phages active equally on some strains of S. cremoris. The groups g3, g4, g5, and g6 are represented in Fig. 1 , which corresponds to a projection of the plan defined by axes 1 and 2 of the analysis of the correspondence. Each group materialized as a circle, the diameter of which was equal to the distance between the two most different phages of the group. All the phages are not represented on this figure, one point often masking several neighboring phages.
Phage 77, situated between groups g3 and g4, is active against eight culures sensitive to phages from group g3 and against nine bacterial strains sensitive to phages from group g4. Group g3, by far the most important, is comprised of 69 very similar phages, nonspecific to one species, of which 43 (62.3%) are active at the same time on cultures of S. lactis and S. lactis subsp. diacetylactis and 18 (26.1%) on cultures of S. lactis, S. lactis subsp. diacetylactis, and S. cremoris. Group g4 is composed of 12 phages active on cultures of S. lactis and S. cremoris; group G2 of 18 strains of S. lactis and 3 strains of S. cremoris; group G3 of 61 strains of S. lactis, 10 strains of S. cremoris, and 50 strains of S. lactis subsp. diacetylactis; group G4 of 8 strains of S. lactis and 1 strain of S. lactis subsp. diacetylactis; group G5 of 6 strains of S. lactis; and group G6 of 7 strains of S. cremoris. In group G3 certain strains are sensitive to an increased number of phages, i.e., 33, 38, and 45 phages.
DISCUSSION
We have managed, as in the classification established previously by Nichols and Hoyle (8) and Henning et al. (3) , to define a small number of groups of phages and of strains of lactic bacteria. Some of these groups are completely independent (g,, g2, G1, G2), and the others present between them some common points that, from the diagrammatical representations ( Fig. 1 and 2) , indicate their importance. Nevertheless, all the phages and strains studied did not fall into these groups. The isolation of new phages and the typing of strains with suspensions of phages 100 times more concentrated than those used perhaps allowed, as in the case of the Staphylococci (9), a reduced number of strains and of phages not classified. It should be observed that the percentage of strains resistant to all the phages tested (i.e., 28.5%) is higher than that observed by Nichols and Hoyle (8) (10%) but of the same order as that given by Henning et al. (3) (31%). These last authors thought that the absence of phages active on 31% of their strains was due to the fact that these strains came from abroad and had not been used in the factories where the phages had been isolated. This is not verified completely in our case, where some of the strains originated from abroad (8.2%) and most (20.3%) were isolated from raw milk, lactic cultures, or French cheese, i.e., in the country where they were used by the dairy industry. One may assume that these strains are sensitive to a small number of rare phages not yet isolated or that, sensitive to a small number of phages, they are lysogenic for the most part among themselves, or even that resistant mutants are involved. It can also be assumed that these culures have been used less frequently than others. The phages studied have been, except for rare exceptions, isolated in all the dairy regions of France during the last 16 years. It is also in France, and during this same period, that the majority of strains of typed lactic bacteria were isolated from raw milk, lactic cultures, or cheese. Therefore, the typed strains do represent the strains of lactic bacteria used in the French dairy industry and the phages studied, i.e., those responsible for fermentation accidents. From the classification established, this hypothesis allows calculation of the probability of the appearance of a new phage in a recognized group. This probability is the allocation of the phages in a percentage in the groups (Table 3 ). The knowledge of this probability permits us to direct the choice of strains forming the commercial cultures. 
